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(54) Adjustable multi-band PIFA antenna 



(57) An adjustable multi-band planar antenna espe- 
cially applicable in nnobile ternninals. In the structure of 
the antenna, advantageously on a surface of a dielectric 
part, there is placed a conductive element (430) having 
a significant electromagnetic coupling to the radiating 
plane (422). The arrangement further comprises a filter 
(440) and a switch (SW) so that the parasitic conductive 
element at issue can be connected through the filter to 
a terminal element (TE) connected to the ground plane. 
That terminal element is pure short-circuit or a reactive 
element. An antenna's operation band, which is desired 



to be displaced, situates on pass band of the filter, and 
another operation band, which is desired not to be ef- 
fected, situates in stop band of the filter. Controlling the 
switch causes the electric length of the antenna's part 
corresponding for example the upper operation band to 
change measured from the short-circuit point, in which 
case also the resonance frequency changes and the 
band is displaced. Only one operation band of the an- 
tenna is affected because on the other operation bands 
a high impedance is "seen" from the parasitic element 
towards the ground, although the switch is closed. 
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Description 

[0001] The invention relates to an adjustable multi- 
band planar antenna especially applicable in mobile ter- 
minals. The invention further relates to a radio device 
equipped with that kind of antenna. 
[0002] The adjustability of an antenna means in this 
description, that a resonance frequency or frequencies 
of the antenna can be changed electrically. The aim is 
that the operation band of the antenna round a reso- 
nance frequency always covers the frequency range, 
which the function presumes at a given time. There are 
different grounds for the adjustability. As portable radio 
devices, like mobile terminals, are becoming smaller 
thickness-wise, too, the distance between the radiating 
plane and the ground plane of an internal planar anten- 
na unavoidably becomes shorter. A drawback of the re- 
ducing of said distance is that the bandwidths of the an- 
tenna are becoming smaller. Then, as a mobile terminal 
is designed to function according to different radio sys- 
tems having frequency ranges relatively close to each 
other, it becomes more difficult or impossible to cover 
said frequency ranges used by more than one radio sys- 
tem. Such a system pair is for instance GSM 1 800 (Glo- 
bal System for Mobile telecommunications) and 
GSM1900. Correspondingly, securing the function that 
conforms to specifications in both transmitting and re- 
ceiving bands of a single system can become more dif- 
ficult. When the system uses sub-band division, it is ad- 
vantageous if the resonance frequency of the antenna 
can be tuned inside sub-band being used at a given 
time, from the point of the radio connection quality 
[0003] According to the invention described here the 
adjustment of an antenna is perfomned by a switch. Us- 
ing switches for that purpose is well known as such. The 
patent publication US 6 255 994 discloses a PIFA-like 
antenna (Planar Inverted F-Antenna) having two short- 
circuit conductors between the radiating plane and 
ground plane. The first short-circuit conductor can be 
connected to the ground plane through a reactive ele- 
ment or directly by means of a two-way switch. The sec- 
ond short-circuit conductor can be connected to the 
ground plane or can be left unconnected by means of a 
closing switch. One of three alternative places can be 
selected for the operation band by controlling the switch- 
es. A drawback of this solution is that it is designed only 
for a one-band antenna. Moreover the structure com- 
prises, compared with an usual FIFA, an additive short- 
circuit conductor with it's arrangements, resulting to ex- 
tra manufacturing cost of the antenna. 
[0004] A solution presented in figures 1a, 1 b, 2 and 3 
is known from the application publication Fl 20021555. 
The basis of the solution is that a parasitic conductive 
element is connected to the ground. In figure 1 a there 
is antenna 100, the radiating plane 120 of which is a 
conductive layer on the surface of a small antenna cir- 
cuit board 105. The antenna circuit board is supported 
above the radio device's circuit board 101 by dielectric 



pieces 181, 1 82. The upper surface of the circuit board 
101 is mostly conductive functioning as the ground 
plane 110 of the antenna and at the same time as the 
signal ground GND. To the radiating plane 1 20 is joined 

5 the antenna's short-circuit conductor 111 at the short 
point S and the feed conductor 1 1 2 at the feed point F. 
The antenna then is FIFA. It is a dual-band antenna hav- 
ing a lower and an upper operation band. From an edge 
of the radiating plane, beside the short point, starts it's 

10 first slot 125, by means of which the electric length of 
the radiating plane is arranged to be consistent with the 
lower operation band. The upper operation band is 
formed by a radiating second slot 1 26. The radiating slot 
126 starts from an edge of the plane 120 and travels 

15 between the feed point and the short point. 

[0005] On the lower surface of the antenna circuit 
board 105 there is, drawn by a broken line in figure 1a, 
a conductive strip 130. This is located on the opposite 
side of the rectangular circuit board 1 05 compared with 

20 the side, on which the open ends of the first and second 
slots are. The conductive strip 1 30 is below the radiating 
conductive surface, extending below the closed end of 
the radiating slot 126. The area of the conductive strip 
is so large that it has a significant electromagnetic cou- 

25 piing to the radiating plane 120. The conductive strip 
then is a parasitic element in the antenna. The conduc- 
tive strip 130 is connected by a conductor to the first 
terminal of the switch SW, located on the circuit board 
101 of the radio device. The second terminal of the 

30 switch SW is connected directly to the ground plane. 
The terminals of the switch can be connected to each 
other and separated from each other by a control signal 
GO. As the first tenninal is connected to the second ter- 
minal, i.e. the switch is closed, the conductive strip is 

35 connected to the ground plane. In that case the conduc- 
tive strip causes additional capacitance in the resonator 
based on the second slot 126, in the closed end of the 
resonator where magnetic field prevails. That results in 
the electric length of the slot radiator shortening and the 

40 resonance frequency rising. With respect to the radiat- 
ing conductive element it goes on the contrary: It's elec- 
trical length increases and resonance frequency lowers, 
when the switch SW is closed. 

[0006] Fig. 1 b presents the antenna circuit board 105, 
45 seen underneath. The conductive strip 1 30 is now seen 
on the surface of the antenna circuit board. The slots 
125, 126 of the radiating plane are drawn by broken 
lines. The switch SW and the signal ground are present- 
ed by graphic symbols. 
50 [0007] In figure 2, too, there is a dual-band PIFA. It's 
basic structure differs from the structure shown in figure 
1 a so that both operation bands are based on conduc- 
tive radiators. For this reason the radiating plane 220 
has a slot 225, which starts from an edge of the plane 
55 next to the short point S and ends up at inner region of 
the plane. The slot 225 has such a shape that the radi- 
ating plane, viewed from the short point, is split into two 
branches. The first branch 221 skirts along edges of the 
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plane and surrounds the second, shorter branch 222. 
The first branch together with the ground plane reso- 
nates in the lower operation band of the antenna and 
the second branch together with the ground plane in the 
upper operation band. The radiating plane 220 is a fairly 
rigid conductive plate, or nnetal sheet, being supported 
by a dielectric franne 280 to the radio device's circuit 
board 201 below the radiating plane. The conductive up- 
per surface of the circuit board 201 functions as the 
ground plane 21 0 of the antenna and at the same time 
as the signal ground GND, as in figure 1 a. The short- 
circuit conductor 211 and the feed conductor 212 are 
spring contact type and the one and the same piece with 
the radiating plane. 

[0008] In figure 2 a parasitic conductive strip 230 is 
attached or othen/vise provided on a vertical outer sur- 
face of a dielectric frame 250, on that side of the anten- 
na, where the feed conductor and the short-circuit con- 
ductor are located. The conductive strip 230 is in that 
case below the electrically outermost portion of the first 
branch 221 , for which reason the connection of the con- 
ductive strip effects more strongly on the place of the 
antenna's lower operation band than on the place of the 
upper operation band. The switching arrangement in fig- 
ure 2 is shown only by graphic symbols. The parasitic 
element 230 is connected to a switch SW, the second 
terminal of which is connected to the signal ground, in- 
stead a pure conductor, through a structure part having 
impedance X. The impedance can be utilized, if desired 
displacements of operation bands can not be obtained 
merely by selecting the place of the parasitic element. 
The impedance X is reactive, either purely inductive or 
purely capacitive; a resistive part is out of the question 
due to dissipations caused by it. 
[0009] Fig. 3 shows an example of the effect of the 
parasitic element on antenna's operation bands in struc- 
tures as described above. The operation bands appear 
from curves of the reflection coefficient S11 of the an- 
tenna. Curve 31 shows alteration of the reflection coef- 
ficient as a function of frequency, when the parasitic con- 
ductive strip is not connected to the ground, and curve 
32 shows alteration of the reflection coefficient as a 
function of frequency, when the conductive strip is con- 
nected to the ground. When comparing the curves, it will 
be seen that the lower operation band is shifted down- 
wards and the upper operation band upwards in the fre- 
quency axis. The frequency f-, , or the mid frequency of 
the lower band for a start, is for instance 900 IVIHz and 
it's displacement Af^ is for instance -20 MHz. The fre- 
quency f2, or the centre frequency of the upper band for 
a start, is for instance 1 ,73 GHz and it's displacement 
Afg is for instance +70 MHz. 

[0010] In the structures such as shown in figures 1 a 
and 2, the adjusting of a multi-band antenna is obtained 
by means of small additive components, which do not 
presume changes in the antenna's basic structure. The 
parasitic element is placed on a surface of a dielectric 
part, which is needed in the antenna structure in any 



case. The effect of the parasitic element can be directed, 
for example in dual-band antennas, to the lower and up- 
per operation band, or as well only to the lower operation 
band. However a drawback is that directing the effect 

5 only to the higher operation band is not successful in the 
practice. Also the lower operation band is displaced, al- 
though that is tried to be avoided. The above-described 
figure 3 actually represents just such a case. Another 
drawback is increasing of dissipations of signals in the 

10 lower band so that the antenna's efficiency in the lower 
band decreases e.g. from 0.5 to 0.4. 
[0011] An object of the invention is to alleviate the 
above-mentioned drawbacks associated with the prior 
art. An adjustable multi-band antenna according to the 

15 invention is characterized in that which is specified in 
the independent claim 1 . A radio device according to the 
invention is characterized in that which is specified in 
the independent claim 9. Some advantageous embodi- 
ments of the invention are presented in the dependent 

20 claims. 

[0012] The basic idea of the invention is as follows: In 
the structure of an antenna of PI FA type, advantageous- 
ly on a surface of a dielectric part, there is placed a con- 
ductive element having a significant electromagnetic 

25 coupling to the radiating plane. The arrangement further 
comprises a filter and a switch so that the parasitic con- 
ductive element at issue can be connected through the 
filter to a terminal element connected to the ground 
plane. That temiinal element is pure short-circuit or a 

30 reactive element. An antenna's operation band, which 
is desired to be displaced, situates in pass band of the 
filter, and another operation band, which is desired not 
to be effected, situates in stop band of the filter. Control- 
ling the switch causes the electric length, measured 

35 from the short point, of the antenna's part corresponding 
for example the upper operation band is changed, in 
which case also the resonance frequency changes and 
the band is displaced. 

[0013] An advantage of the invention is that by con- 

40 trolling the switch only one operation band of the anten- 
na is affected. This is due to that concerning other op- 
eration bands, because of the filter, a high impedance 
is seen from the parasitic element towards the ground 
it is "seen" a high impedance, although the switch would 

45 be closed. Another advantage of the invention is that 
closing the switch does not deteriorate the antenna's 
matching and efficiency in said other operation bands. 
A further advantage of the invention is that an advanta- 
geous place for the parasitic element can be searched 

50 more freely than without the filter. A further advantage 
of the invention is that the adjusting circuit can be de- 
signed more freely than without the filter. A further ad- 
vantage of the invention is that possibility of electro-stat- 
ic discharges (ESD) through the switching circuit is low- 

55 er. 

[0014] The invention is below described in detail. Ref- 
erence will be made to the accompanying drawings 
where 
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Fig. 1 a shows an example of an adjustable anten- 
na according to the prior art, 

Fig. 1 b shows the antenna circuit board of the an- 
tenna of Fig. 1a, seen underneath. 

Fig. 2 shows a second exannpie of an adjustable 

antenna according to the prior art, 

Fig. 3 shows an exannpie of the effect of an ar- 

rangennent according to the prior art on 
antenna's operation bands. 

Fig. 4 shows principle of the invention. 

Fig. 5 shows an example of a filter being includ- 

ed in an antenna according to the inven- 
tion. 

Fig. 6 shows an example of displacement of op- 

eration bands of an antenna according to 
the invention, 

Fig. 7 shows an example of efficiency of an an- 

tenna according to the invention. 

Figs. 8a, b show an example of an adjustable anten- 
na according to the invention, and 

Fig. 9 shows an example of a radio device pro- 

vided with an antenna according to the in- 
vention. 

[0015] Figs. 1 a, 1 b, 2 and 3 were already discussed 
in conjunction with the description of the prior art. 
[0016] Figure 4 presents a structure showing the prin- 
ciple of the invention. From the antenna's base structure 
it is drawn only a part 422 of the radiating plane. The 
antenna's structure comprises, in addition to the base 
structure, an adjusting circuit having a parasitic element 
430, a filter 440, a switch SW and a terminal element 
TE. The parasitic element has a significant electromag- 
netic coupling with the radiating plane's part 422 and it 
is connected through a short transmission line to the in- 
put port of the filter 440. The output port of the filter is 
connected through a second short transmission line to 
the two-way switch SW, the "hot" terminal of the output 
port to the first terminal of the switch SW. The first ter- 
minal can be connected either to the second or to the 
third temninal of the switch by controlling the switch. The 
second tenninal is fixedly connected to one conductor 
453 of a third short transmission line. In the opposite 
end of the third transmission line is the terminal element 
TE, the impedance X of which is reactive. In most com- 
mon specific case the impedance X is reactance of a 
zero-inductance, e.g. a pure short-circuit. By using 
some other, capacitive or inductive reactance, displace- 
ment of an operation band can be tuned as desired. The 



third terminal of the switch is fixedly connected to one 
conductor 454 of a fourth short transmission line, which 
is open in the opposite end. 

[0017] As the two-way switch SW connects the filter 
5 to the open transmission line, there is a high impedance 
from the parasitic element to the ground through the fil- 
ter and switch at all frequencies, wherein also an imped- 
ance provided from the radiating plane to the ground 
through the parasitic element is high at all frequencies. 
10 The arrangement of figure 4 has in that case no sub- 
stantial effect to the antenna's function. As the switch 
SW connects the filter to the short-circuited transmis- 
sion line, there is a relatively low reactive impedance 
from the parasitic element to the ground at the frequen- 
ts cies of the filter's passband. In that case the electric 
length of the antenna changes and the operation band 
is correspondingly displaced. At the frequencies of the 
filter's stopband the impedance from the parasitic ele- 
ment to the ground is relatively high also when the filter 
is connected to the short-circuited transmission line. In 
the antenna's operation band, which is located in the 
stop band, changing of the state of the switch then caus- 
es no change in the electric length of the antenna, and 
in that case the operation band is not displaced. 
[0018] The characterizing impedance of said trans- 
mission lines is marked Zq in figure 4. When needed, in 
series with the conductor from the switch to terminal el- 
ement there is a condenser, which prevents direct cur- 
rent circuit through the switch. The condenser has no 
effect in radio frequencies. In figure 4 the switch SW is 
drawn as a two-way switch, or a SPOT switch (single- 
pole double through). It can also be just a closing switch 
or a SPnT switch (single-pole n through) for connecting 
one of alternative terminal reactances. 
[0019] Figure 5 shows an example of a filter to be 
used in an antenna according to the invention. The filter 
540 is a third order passive high-pass filter. Accordingly 
it has in sequency a first condenser 01 , a coil L and a 
second condenser C2 so that the condensers are in se- 
ries and the coil L is connected between them to the 
ground. When the filter is in use, an impedance af- 
fects at it's input towards feeding source, and an imped- 
ance Zg affects at it's output. 

[0020] A filter according to figure 5 is suitable for use 
in dual-band antenna, the upper operation band of 
which must be shiftable such that a shift does not effect 
the lower operation band. The cutoff frequency of the 
high pass filter is in that case arranged to be between 
operation bands. If for example the lower operation 
band is for GSM900 and the upper operation band for 
both GSM 1800 and PCS1900 (Personal Communica- 
tion Service), a suitable cutoff frequency of the filter is 
1 .5 GHz. In that case the attenuation in the filter is low 
in the upper band and high in the lower band. If allowable 
attenuation in the upper band is for example 0.5 dB, and 
Chebyshev-approximation is chosen, the attenuation in 
the lower band will be about 13 dB. If the impedance 
level is 50 Q, e.g. the above-mentioned impedances Zh 
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and Z2 are 50 O, a design calculation of the filter results 
in that the capacitance of both condensers is 1 .3 pF and 
the inductance of the coil is 4.8 nH. 
[0021 ] Figure 6 shows an example of displacement of 
operation bands of an antenna according to the inven- 
tion. The filter used in the antenna is such as depicted 
above. Curve 61 shows alteration of the reflection coef- 
ficient as a function of frequency when the filter is con- 
nected to the open transmission line, and curve 62 
shows alteration of the reflection coefficient when the 
the filter is connected to the short-circuited transmission 
line. When comparing the curves, it will be seen that the 
upper operation band, placed in a range of 1 .8 GHz, is 
in this example displaced downwards, when short-cir- 
cuit is connected. Displacing downwards means that the 
electric length of the antenna's part at issue has become 
bigger. This is a consequence of that the impedance 
provided from the radiating plane to the ground through 
the parasitic element is capacitive. The displacement 
Af2 is about 100 IVIHz. The lower operation band in a 
range of 900 MHz stays in high accuracy in it's place. 
Then the aim of the invention is well fulfilled in this re- 
spect. 

[0022] Figure 7 shows an example of efficiency of an 
antenna according to the invention. The example con- 
cerns the same structure as matching curves in figure 
6. Curve 71 shows alteration of the efficiency as a func- 
tion of frequency when the filter is connected to the open 
transmission line, and curve 72 shows alteration of the 
efficiency when the filter is connected to the short- 
circuited transmission line. When comparing the curves, 
it will be seen that the efficiency does not deteriorate in 
the lower operation band, when short-circuit is connect- 
ed. In the upper operation band, displacing of which is 
in question, the efficiency is slightly deteriorated. 
[0023] Figures Ba and 8b show an example of an ad- 
justable antenna according to the invention. The base 
structure of the antenna is similar to the structure in fig- 
ure 2. Strip type parasitic element 830 is now placed 
under the radiating plane 820, by the second branch 
822, which corresponds to the antenna's upper opera- 
tion band. The parasitic element is connected by a con- 
ductor to the filter located on the circuit board 801 of the 
radio device. The filter is seen in figure 8b, which shows 
the circuit board from underneath. The ground plane is 
then invisible in figure 8b, on the reverse side of the 
board. The conductor connected to the parasitic ele- 
ment continues as a strip conductor 851 to the first con- 
denser CI of the filter. In series with the first condenser 
is the second condenser C2, and between them the coil 
L is connected to the ground. In this example CI and 
C2 are chip condensers and the coil is realized by a spi- 
ral-like strip conductor on the surface of circuit board 
801 . The second condenser C2 is connected to the first 
terminal of the switch SW by a strip conductor 852, and 
the second tenninal of the switch is connected to a ter- 
minal element by a strip conductor 853, which terminal 
element in this example is a short-circuit conductor. 



From the third terminal of the switch starts a strip con- 
ductor 854, which is in "air" at it's opposite end. Said 
strip conductors 851 , 852, 853 and 854 form short trans- 
mission lines together with the ground plane on the other 

5 side of the board, by means of which transmission lines 
the impedance of the whole adjusting circuit can be 
tuned. The switch SW is e.g. a semiconductor compo- 
nent or a MEMS type switch (Micro Electro Mechanical 
System). It is controlled via a strip conductor CNT If the 

10 structure of the switch requires, the number of control 
conductors is two. 

[0024] Figure 9 shows a radio device RD comprising 
an adjustable multi-band antenna 900 according to the 

invention. 

15 [0025] Prefixes "lower" and "upper" as well as words 
"under" and "underneath" refer in this description and in 
the claims to the antenna positions depicted in the fig- 
ures 1 a, 2 and 8a, and are not associated with the op- 
erating position of the device. The term "parasitic" 

20 means also in the claims a structure part, which has a 
significant electromagnetic coupling to the radiating 
plane of the antenna. 

[0026] Above has been described examples of an ad- 
justable multi-band antenna according to the invention. 

25 The shape and the place of the parasitic element can 
naturally vary from that shown in figures. The filter ac- 
cording to the invention can also be a low-pass or band- 
pass filter. The amount of radiating elements can be 
greater than two. A radiating element is not necessary 

30 plane-like. The antenna can also be ceramic, in which 
case also the parasitic element is a part of the conduc- 
tive coating of the ceramic block. The inventional idea 
can be applied in different ways within the scope defined 
by the independent claim 1 . 

35 

Claims 

1 . An adjustable multi-band antenna having a ground 
40 plane (81 0), a radiating plane (820) with a dielectric 
support part (880), a feed conductor (812) and a 
short conductor (815) of the antenna, and an ad- 
justing circuit to displace operation band of the an- 
tenna, which adjusting circuit comprises a parasitic 
45 element (430; 830) and a switch (SW) as well as a 
terminal element (TE) directly connected to the 
ground plane, by which switch the parasitic element 
can be connected to the terminal element, charac- 
terized in tliat the adjusting circuit further compris- 
50 es, for restricting the effect of controlling the switch 
(SW) to a single operation band of the antenna, a 
filter (440) located electrically in series with the par- 
asitic element and the switch. 

55 2. An antenna according to claim 1 , characterized in 

that said single operation band is on passband of 
the filter and the other operation bands are on stop- 
band of the filter. 
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3. An antenna according to clainn 2, operation bands 
of which connprise at least a lower operation band 
and an upper operation band, characterized in 
that said single operation band is the upper opera- 
tion band, and the filter is a high pass fitter (540), 5 
the cutoff frequency of which lies between the lower 
and upper operation bands. 

4. An antenna according to claim 1 , characterized in 
that the filter locates electrically between the para- io 
sitic elennent and the switch so that the parasitic el- 
ement (430; 830) is connected to filter's input by a 
conductor (851 ) of a short transmission line and fil- 
ter's output is connected to first terminal of the 
switch by a conductor (852) of second short trans- ^5 
mission line, the second terminal of the switch being 
fixedly connected to one conductor (453; 853) of a 
third short transmission line, in the opposite end of 
which is the terminal element (TE). 

20 

5. An antenna according to claims 1 and 4, charac- 
terized in that said terminal element (TE) is a short- 
circuit conductor. 

6. An antenna according to claims 1 and 4, charac- 25 
terized in that said terminal element (TE) Is a re- 
active structure part to set a displacement of an op- 
eration band as desired. 

7. An antenna according to claim 4, characterized in 30 

that the switch is a two-way switch, from third ter- 
minal of which starts a conductor (454; 854) of 
fourth short transmission line, which line is open at 
it's opposite end. 

35 

8. An antenna according to claim 1 , characterized in 
that said parasitic element is a conductive strip be- 
ing attached to said dielectric support part. 

9. A radio device (RD) having an adjustable multi- 40 
band antenna (900), which comprises a ground 
plane, a radiating plane and an adjusting circuit to 
displace operation band of the antenna, which ad- 
justing circuit comprises a parasitic element, a 
switch and a terminal element directly connected to 45 
the ground plane, by which switch the parasitic el- 
ement can be connected to the terminal element, 
characterized in that the adjusting circuit further 
comprises, for restricting the effect of controlling the 
switch to a single operation band of the antenna, a 50 
filter located electrically in series with the parasitic 
element and the switch. 
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